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I t  i s  genera l ly  accepted t h a t  changes i n  t h e  
SPLENECTOMIZED d S D RATS EXPOSED TO 600 mm Hg 0 2  c i r c u l a t i n g  red  c e l l  mass can be  e f f ec t ed  by O:, ac t -  

ing on t h e  rate of e ry th ropo ies i s .  
both t o  0 2  p a r t i a l  p ressures  g r e a t e r  than ambient 
which suppress RBC production and t o  hypoxia which 
s t imu la t e s  t h i s  process .  The p o s s i b i l i t y  t h a t  O2 
can a l t e r  t h e  r a t e  of  hemolysis has a l s o  been con- 
s ide red .  Thus, 0 2  a t  high pressure  has been shown 
t o  inc rease  hemolysis i n  v i vo  i n  tocopherol de f i -  
c i e n t  mice (1). But, as Kaplan poin ted  out  (2 )  , 
t h e  ques t ion  as t o  whether moderate increases  i n  
02 can inc rease  hemolysis i n  otherwise normal an i -  
mals o r  humans remains l a rge ly  unanswered. 

The sp leen  i s  a major s i t e  of RBC des t ruc t ion  
as well  as s to rage .  Considerable evidence sug- 
ges t s  t h a t  t h e  sp leen  can s e l e c t i v e l y  seques t e r  
t h e  o lde r  more f r a g i l e  R B C ' s .  Thus, it i s  prob- 
a b l e  t h a t  a sampling procedure t h a t  causes sp l en ic  
cont rac t ion  could r ap id ly  change both the  q u a l i t a -  
t i v e  and t h e  q u a n t i t a t i v e  na ture  of t h e  c i r c u l a t -  
ing  red  c e l l  mass. I n  t h i s  l a t t e r - r e g a r d ,  i t  i s  
well demonstrated t h a t  s p l e n i c  cont rac t ion  induced 
by epinephrine can inc rease  t h e  t o t a l  blood volume 
by 6-15% with a d i spropor t iona te ly  g r e a t e r  e f f e c t  
on the  hematocrit  due t o  t h e  concent ra t ion  of t h e  
discharge.  

I t  was f e l t  t h a t  any e f f e c t  of 0 2  on c i r c u l a t -  
ing  R B C ' s  would be more evident i n  splenectomized 
rats. The experiments repor ted  he re in ,  which a r e  
pre l iminary ,  show t h a t  with such rats,  cons i s t en t  
changes i n  blood, i n d i c a t i v e  of an increased  hemo- 
l y t i c  process ,  can b e  e f f e c t e d  by exposure t o  0 2  
a t  p a r t i a l  p ressures  below 1 atm. 
METHODS 

This app l i e s  

Male S-D r a t s  weighing 250 gm were splenec- 
I n  an i n i t i a l  tomized 4 days p r i o r  t o  exposure. 

s e r i e s  of  experiments, groups of  6 rats were 
exposed t o  600 mm Hg O 2  i n  ind iv idua l  chambers (3) 
f o r  0, 2 ,  4, 8 ,  14, and 28 days. These were com- 
pared  t o  an equal number of pa i r - f ed ,  splenecto- 
mized a i r - c o n t r o l  rats kept i n  metabolic cages.  
Hematocrit,  hemoglobin, methemoglobin, serum 
b i l i r u b i n ,  and osmotic f r a g i l i t y  curves were 
determined on both groups a t  t h e  s t a t e d  i n t e r v a l s .  
I n  another series, r a t s  s i m i l a r l y  t r e a t e d  were 
exposed t o  600, 450, 258, o r  190 mm Hg 02 f o r  14 
o r  28 days. 
tomized o r  sham-operated pa i r - f ed  con t ro l s .  
Hematocrit,  hemoglobin, and osmotic f r a g i l i t i e s  
were determined. 
and d i a l u r i c  ac id  hemolysis, a measure of an t iox i -  
dant  r e s e r v e s ,  were a l s o  measured. 

RESULTS 

These were compared t o  both splenec- 

RBC reduced g lu ta th ione  content 

.... i n e  resuits of t ne  600 mm i-ig 0, exposure 
study are i l l u s t r a t e d  i n  Figures 1 and 2 .  The 
hematocrit  i n  Figure 1 i s  s i g n i f i c a n t l y  depressed 
af ter  2 days ( 3 8  VS. 4 2 % ) .  This t rend  i s  s t i l l  
ev ident  a f t e r  28 days. 
t o t a l  Hb of  t h e  exposed rats suggest a r e l a t i v e  
RBC l o s s .  Methb and b i l i r u b i n  showed no s i g n i f i -  
can t  dev ia t ions  from those of t h e  cont ro l  r a t s .  

F igure  2 i l l u s t r a t e s  t h e  s i g n i f i c a n t  f r a g i l -  

Congruent changes i n  t h e  
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Figure 1 
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Figure 2 
-exposed rats show s i z a b l e  decreases i n  f rag i l -  0 2  

i t y  by t h e  e ighth  day. In  another s e r i e s ,  si;- 
n i f i c a n t  decreases were noted after only 3 days 
of exposure t o  600 mm Hg. A s  i n  t he  case of t h e  
hematocrits  and Hb content ,  t h e  changes tend t o  
p e r s i s t  f o r  a t  l e a s t  28 days. 

Osmotic f r a g i l i t y  was determined i n  s a l i n e  
concentrations from 0 .2% which caused 100% hemo- 
l y s i s  t o  0 .55% where l y s i s  was neg l ig ib l e .  How- 
ever ,  t h e  g r e a t e s t  decreases i n  f r a g i l i t y  
occurred i n  t h e  h ighe r  s a l i n e  concent ra t ions .  

The e s t ab l i shed  r e l a t ionsh ips  between 
osmotic f r a g i l i t y ,  volume, and age of RBC' s  (4) 
suggest t h a t  t h e  above changes i n  f r a g i l i t y  a r e  
due t o  a r e l a t i v e  lack of  o lde r ,  more f r a g i l e  
c e l l s  found i n  a normal population. 

it is 
decrease i n  r e t i cu locy te s  was seen only a f t e r  
14 days and was no longer evident a f t e r  28 days. 

In t h i s  
regard, interesting tfrat a significmt 

The hematocrit  (Fig.  3) was s i g n i f i c a n t l y  

A t  n e i t h e r  time 
suppressed by exposure t o  258 mm Hg a f t e r  2 weeks 
and t o  450 mm Hg f o r  4 weeks. 
i n t e r v a l  was t h e  hematocrit  depressed by exposure 
t o  190 mm Hg 0 2  which gives an a lveo la r  pO2 j u s t  
below normal. Hb content (Fig.  4) showed a s i m i -  
l a r  t rend ,  and was s i g n i f i c a n t l y  depressed a t  
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Figure 4 
both 258 and 450 mm Hg a f t e r  2 weeks and a t  
450 mm Hg a f t e r  4 weeks. 
were observed between t h e  190 mm Hg group and i t s  
con t ro l s .  

occurred i n  0.40% s a l i n e .  A t  both 258 and 450 mm 
Hg 02 osmotic f r a g i l i t y  was s i g n i f i c a n t l y  reduced 
after 2 weeks o f  exposure (Fig.  5 ) .  On t he  o the r  
hand, f r a g i l i t y  a t  a l l  t h ree  02 pressures  i s  
e s s e n t i a l l y  similar t o  t h a t  of t he  a i r  cont ro ls  
a f t e r  4 weeks o f  exposure. Thus, t he  f r a g i l i t y  
changes induced i n i t i a l l y  by exposure t o  02 a t  258 
o r  450 mm Hg appear s e l f - l i m i t i n g ;  i n  fact ,  pre-  
exposure f r a g i l i t i e s  appear t o  be  rees tab l i shed  
af ter  4 weeks d e s p i t e  continued exposure. 

Again, no d i f fe rences  

In  t h i s  series, the  g r e a t e s t  f r a g i l i t y  changes 
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DISCUSSION 

The very na ture  of s p l e n i c  function'would 
suggest  t h a t  sequestered c e l l s  a r e  of an o lde r  pop- 
u l a t ion  d i s t r i b u t i o n  than t h e  c i r c u l a t i n g  blood; 
t he re fo re ,  s p l e n i c  cont rac t ion  would tend t o  
increase  the  proport ion of o l d e r  more f r a g i l e  c e l l s  
i n  t h e  c i r c u l a t i o n  and would inc rease  the  hemato- 
c r i t .  The occurrence of  t h i s  event j u s t  p r i o r  t o  
o r  during a sampling procedure could lead t o  an 
erroneous conclusion concerning t h e  e f f e c t s  of 
some previous condi t ion on t h e  blood. 

I t  i s  recognized t h a t  a decrease i n  hematocri t  
o r  Hb alone i s  not  s u f f i c i e n t  evidence t o  v e r i f y  a 
decrease i n  red c e l l  mass, and these  techniques 
were employed merely as ind ica to r s .  

The cons i s t en t  decreases  i n  f r a g i l i t y  ind ica t e  
s t rong ly  t h a t  exposure t o  a p02 as low as 258 mm Hg 
somehow s t imula tes  t he  removal of t he  more f r a g i l e  
c e l l s ,  f o r  i f  02 were merely t o  suppress hemopoi- 
e s i s ,  one would not  expect  t o  see  a decrease i n  t h e  
o lde r  more f r a g i l e  c e l l s .  On the  o the r  hand, i f  
peroxida t ive  hemolysis were occurr ing i n  the  face  
of continued 02 exposure, RBC's would be expected 
t o  show a g r e a t e r  f r a g i l i t y .  
evidence of  increased d i a l u r i c  ac id  hemolysis could 
b e  demonstrated even a f t e r  10 days of exposure a t  

In  t h i s  regard,  no 

600 IIUII Hg 02 .  

SUMMARY 

Exposing splenectomized rats t o  0, a t  pres-  
sures  from 600 t o  258 mm Hg cons i s t en t ly  changes 
hematocri t ,  t o t a l  Hb, and osmotic f r a g i l i t i e s  of 
RBC's, ind ica t ing  t h a t  t h e  c i r c u l a t i n g  red c e l l  
mass has been decreased by an ac t ive  removal of 
t h e  o lde r  o r  more f r a g i l e  c e l l s .  These changes 
have been observed wi th in  3 days bu t  appear 
s e l f - l i m i t i n g .  
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Note: 

* = p < 0.05 
** = p < 0.01 
*** = p < 0.001 
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